In the eight preceding papers, two magnetospheric substorms on August 15, 1968, were studied with data derived from many sources. In this, the concluding paper, we attempt a synthesis of these observations, presenting a phenomenological model of the magnetospheric substorm. On the basis of our results for August 15, together with previous reports, we believe that the substorm sequence can be divided into three main phases: the growth phase, the expansion phase, and the recovery phase. Observations for each of the first three substorms on this day are organized according to this scheme. We present these observations as three distinct chronologies, which we then summarize as a phenomenological model. This model is consistent with most of our observations on August 15, as well as with rhost previous reports. In our interpretation we expand our phenomenological model, briefly described in several preceding papers. This model follows closely the theoretical ideas presented more quantitatively in recent. papers by Coroniti and Kennel (1972a, b; 1973) . In the preceding papers we have examined in detail many features of two magnetospheric substorms that occurred on August 15, 1968.
there are not necessarily distinct phases in all parts of the magnetosphere. In the next section we discuss each of these phases in turn for the three substorms.
SUMMARY OF OBSERVATIONS
To organize the many observations presented in previous papers, we have prepared tables presenting the sequence of events occurring in Table 1 , there were a number of features both in the auroral zone and at midlatitudes that assure us that a substorm expansion actually occurred. As is indi-cared by the range of times shown for expansion onset (0205-0225), there is considerable uncertainty in the exact onset time.
The end of the expansion phase, i.e., the beginning of the recovery phase, occurred at the ground stations sometime between 0310 and 0330 UT. As we show below, this recovery phase was apparently obscured by the growth phase of a subsequent substorm.
It is apparent from Table I that this substorm provides no evidence of a substorm growth phase. In summary, the sequence of events that occurred during this substorm was the following. For several hours the direction of the solar wind field fluctuated, remaining southward for short intervals of time. Auroral zone negative bays and midlatitude positive bays indicate that a substorm expansion resulted, beginning about 0220 and ending about 0330 UT. There is essentially no evidence of this substorm on the midnight meridian in the lobe of the tail. However, small changes in the dc field, smallamplitude ULF (magnetic), and VLF (electric) waves suggest that some event had occurred. A sudden decrease in the magnetic field and an onset of fluctuations at synchronous orbit in the late afternoon provide similar evidence.
The 0430 U T substorm expansion. The second substorm expansion on August 15, 1968, began almost precisely at 0430 UT. This onset was preceded by almost an hour of gradual changes throughout the magnetosphere. Some of these changes we consider evidence of a substorm growth phase, whereas others may be consequences of the preceding expansion. A chronological listing of the events in this substorm is presented in Table 2 . We have tentatively assigned these events to four different intervals in a typical substorm sequence. The We cannot definitely rule out the possibility that some of the above effects are consequences of the preceding expansion or associated with a new expansion around 0320 UT. There are several facts with which we can argue against these possibilities, however. To begin with, the first noticeable effects are delayed I hour with respect to the preceding expansion. This is almost twice the duration of a typical substorm expansion. Next, we note that many of the effects are nearly simultaneous throughout the magnetosphere rather than progressive as might be expected for a substorm expansion. Further, we note that magnetically there is little evidence of a substorm expansion near midnight at 0330 UT, despite the positive and negative bay onsets in the auroral zone at this time. In addition, the solar wind had been consistently northward during the preceding hour, whereas most isolated substorm expan Continuing with our examination of the events summarized in Table 2 we find a number of effects throughout the magnetosphere that we attribute to the expansion phase of this substorm. At 0444 UT the direction of the lobe field temporarily rotated from a taillike configuration to a more dipolar configuration. Two minutes later both energetic electron and proton fluxes began a 3 orders of magnitude increase in the near tail. Simultaneously, there was a large enhancement in VLF electric field amplitudes. In the auroral zone there was a sudden onset of negative bays at midnight stations. Also, the midlatitude stations near midnight began a more rapid increase in H. Finally, at 0450 UT the tail field began a final rapid rotation toward a dipolar configuration.
In paper 4 we advanced a number of arguments that led us to the conclusion that, prior to 0444 UT, Ogo 5 was in the lobe of the tail. After this time we believe the appearance of particles, changes in field configurations, and ac electric and magnetic field fluctuations all indicate that the satellite was engulfed in an expanding plasma sheet. In paper 4 we also argued on a ba•s of timing and assumed plasma sheet expansion velocity of 10 km/sec that at 0430 the half-thickness of the plasma sheet was 0.9 Rr. Using values of 20 or 5 km/sec gave a half-thickness of 0.0 or 1.6 Rr.
From our preceding discussion of the details of expansion onset as observed from the ground it appears that this was a fairly complicated substorm. Possibly a very slow expansion began at 0420 UT on the midnight meridian. Ten minutes later a rapid expansion began on the 2200 LT meridian. Fifteen minutes later (still 0444 UT) the velocity of expansion increased on the midnight meridian, and simultaneously Ogo 5 was engulfed in the expanding plasma sheet. Possibly then different parts of the tail lobe and plasma sheet were undergoing quite different motions. If this is the case, our model of the substorm sequence requires considerably more sophistication to treat such substorms.
To conclude our discussion of this event, we summarize the recovery phase events presented UT the spatial profile of energetic protons at in Table 2 had reached a maximum in the H component. In the near tail the plasma sheet begins to At 0750 UT the highest latitude and late morn-thin as the magnitude of the field begins to ing stations in the auroral zone began to re-increase' and rotate toward a more taillike concover from their negative bays. By 0800 UT figuration. In the auroral zone, weak electron the remaining auroral stations at midnight precipitation begins. As the growth phase conand earlier were also recovering. , tinues the near plasma sheet thins, progre•ively Following this substorm there is evidence in larger velocities and steepening particle gradithe ground and synchronous orbit data that ents forming its boundary. another weak expansion occurred at 0815 UT.
The expansion phase begins as the nearThis event was apparently very localized near earth plasma sheet reaches nearly zero thickthe midnight meridian. Another expansion oc-ne•. With near simultaneity an intense negacurred at 0910 UT. During this interval we rive bay appears in the midnight sector of the have no data on the orientation of the solar auroral zone in conjunction with an intense wind magnetic field. However, from 0900 to southward electric field [Mozer, 1971a] . Rapid about 1000 UT the solar wind was southward, changes occur in the cross-tail component of as it had been at 0724 UT, when data trans-the magnetic field as the plasma sheet begins to expand at approximately 10 times its thinning velocity. Inside the expanding plasma sheet, large-amplitude magnetic fluctuations accompany the sudden appearance of energetic particles. In the auroral zone the electrojet expands northward and westward in conjunction with intense electron precipitation. In the evening sector, positive bays are developing, whereas at midlatitudes the field becomes depressed. In the lobe of the tail the field magnitude begins to decrease. Eventually, with a delay dependent on distance above the neutral sheet, a portion of the lobe field is transformed into a more dipolar configuration by the expanding plasma sheet. Inside the plasma sheet the field magnitude begins to increase without corresponding rotations, and energization of electrons at large pitch angle occurs.
As the particle pitch angle distributions change, there are rapid changes in the type of high-frequency waves present. These waves are of sufficient strength and proper frequencies to cause pitch angle scattering and energization, further altering the particle distribution func- Major boundaries and regions that play a role in substorm behavior include the bow shock, the magnetosheath, the magnetopause, the polar cusps, the lobes of the tail, the plasma sheet, the neutral sheet, the nightside cusp, and the plasmasphere. The actual location of the distant merging region is unknown, and so it has been arbitrarily placed at the orbit of the In this model the inner region of the tail current system is the immediate reservoir of energy during a substorm expansion. We note that a single expansion need only involve a portion of this reservoir. After a prolonged interval of northward interplanetary magnetic field and its associated period of little convection and magnetic quiescence, this reservoir of energy may be quite empty and require a lengthy growth phase to fill. In fact, examination of the evidence in the literature purporting to show the existence of a growth phase shows the least disputable cases to be either isolated events or the first in a sequence of substorms. Once the inner reservoir of energy has been filled, we see no reason why several substorm expansions could not occur, even in the absence of further flux transport from the dayside. Such occurrences could explain occasional reports of substorm expansions during intervals of northward field. Also they could explain substorms that occur without buildup in the magnitude of the tail field, such as the 0220 UT expansion.
Since a substorm expansion may involve only a limited sector of the inner edge of the tail current, we •see no obvious reason why a second expansion could not occur in some other sector. In general, if the first event persists, the two regions •ould eventually merge, and the resulting substorm would be described as a multiple-onset event. For example, this may have been the situation during the 0430 UT expansion. It may in fact be possible for an expansion phase to occur at one local time when a growth phase is in progress elsewhere.
Under these circumstances it may be impossible to separate unambiguously the effects that are due to the expansion phase and those that are due to the growth phase. Finally, we note that during intervals of prolonged southward field it is likely that the tail field would become more or less steadily enhanced. Earth- As a result of these conclusions we suggest that future studies of substorms treat separately isolated substorms, the first substorm in a sequence, and substorms during disturbed intervals. We also suggest that it is important to distinguish between substorms with simple onsets and those with multiple onsets. In addition , it is important to specify the central 
